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An investigationof the effectivenessof a wing equippedwith a
slidingflap and a leading-edgeslat in deflectinga propellerslipstream
downwardfor verticaltake-offhas been conductedh a static-thrust
facilityat the Ls@ley AeronatiicalLaboratory.The slidingflap,which,
in comparisonwiti flap configurationspreviouslytested,mskespossible
a more forwardlocationof the pointat whichflowturningbegins,was
expectedto mininUe divingmomentsand, at the sametime,to keep a
reasoruibl.eamountof the wing “fixed”for structuralpurposes. The
resultsof the investigationin&@ate’that,for a -comparabledownward..
deflectionof the slipstream,the divingmome?rk-associatedwith the
sliding-flapconHgurationare appreciablysmallerthan thoseof the
slotted-flap configurationpreviouslyinvestigated.T& additionof a
leading-edgeslst increasedthe turdng amglesachieved,particularly
h the ground-effectregion,and reducedthe divingmomentfurther.
Extensionof the chordof the flapsincreasedthe turningangleachieved
but increasedthe divingmomentsand causedsomeloss in turxdng
efficiency.

tory

INTRODUCTION

The 7- by l.O-FootTunnelsBranchof the LangleyAeronauticalLsbora-
is conduct* an investigationof ~ious wing-flapconfigurations

in an effat to developrelativelysimplearrangementsthat can deflect
prupellerslipstreamsdownwsxd for verticaltake-off. References1 and 2
presentthe characteristicsof plainand slottedflaps,respectively.
Amiliary vanes,whichgreatlycomplicatedthe srrsmgement,were required
with the plain-flap configurationin orderto achievethe destiedslip-
streamdeflection.The slotted-flap configurationis somewhatsimpler
but has the disadvantageof exhibitingratherlargediwlngmoments. These
largediv3ngmomentsare causedpartlyby the factthat as the flapsare
extendedtheymove appreciablyresrwardand the effectiveaxis of the
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2 IUICATN 3693

retiected slipstreamis relativelyfar behindthe quarter-chordpoint
of the W5ng. It wouldappeardestiableto achievethe turningof the
slipstreamas far forward as possibleb orderto reducethe diving
moments. At the samethne it is necessaryto keep a reasonableS3110unt
of the wing chord“fixed”for structuralpurposes.

The slidingflap of the presentinvestigationwas conceivedas a
mossiblemeans of approachhgtheseobjectivesmore closelythan has been
~ossiblewith flap‘&angementspreviously

SYMBOLS

tested.

The positivesenseof forces,mments, and anglesare indicatedin
figure1. The syribolsused in thispaperare definedas follows:

b span,ft

Cs slat chord,ft

% wing chord,ft

D propellerdiameter,ft

1? resultantforce,lb

h heightaboveground,distancefrom flaptrailingedge
to groundboard,ft

L lift,lb

M pitchingmoment,fi-lb

T propellerthrust,,lb

x longitudinalforce, Thrust - h%} lb

bf flap deflectim, deg

6s slatdeflecticm,deg

e turningangle,ticllnationof resultantforcevectorf%om

thrustaxis,tan-1 ;, aeg

— .——. .
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Subscripts:

1 fm’ard, or Sliddllgflap

2 rear,or plainflap

30 30-percent-chordflap (refs.2 and

60 60-percent-chmdflap (refs.2 and

APPARATUSAND METHOD

3

3)

3)

A drawingof the model,with pertinentdimensions,is presentedas
figure2 and a photographof the modelmountedfor testingis shownas
figure3. The geometriccharacteristicsof the mcdelare givenh the
followingtable:

Wing:
Area (semiSpan),
- (s-span) ,
Chord,ft...
Airfoilsection

Propeller:
Diameter, fi . .

Si ft . . . . . . . . . . . . . . . . . . 3.0
ft . . . . . . . . . . . . . . . . . . . 2.0
● . . . . . . . . . . . . . . . . . . . . 1.5
. . . . . . . . . . . . . . . . . . . . . NACA 4415

● m..... . . . . . . . . . . . . . . 2.0
NaceUe&ameter, ft..... . . . . . . . ..~. ~~. 0.33
Airfoilsection . . . . . . . . . . . . . . . . . . . . . ClarkY
Solidity(eachpropeller).... . . . . . . . . . . . . . 0.10

The forwardflap,which is referredto as a slidingflap,was hinged
nesrthe lowerwing surfaceat the 35-percent+hardstation. The sliding-
rampradiuswas 15 percentof the wing chordand was made tangentto the
uppersurfaceof the wing. When the forwardflepwas deflected,a cavity
was formedon the lowersurfaceand was left openfor most of the tests.
(Seefigs.1 and 4.) The rear flap,whichwas a plainflap,was made
by sawingoff the rear 25 percentof the wing chordand reattachingit
with a pianohingeat the 75-percent-chordstation.~ When the rear flap
was deflected,the gap at the hingeWe was filledand fairedwith
InQdelingclay. The end plate (fig.2) and the flap chord-extensionwere
made of l/16-inchsheetmetal.

The leading-edgeslatwas rolledfrom l/16-tichsheetsteelto a
contourthat correspondedto the uppersurfaceof the whg fromthe leading
edgeto the 30-percent-chordpoint. For theseteststhe uppersurfaceof
the wing was not modifiedas it WOW he in a practicalapplicationin

.
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orderto retractthe slat;however,it is believedthat this difference
wouldhave onlya smalleffecton the results. The sht positionstested
are shownin figure4.

For thesetests,the propemr was mountedindependentlyas shown
in figure3. The thrustaxiswas on the wing chordand the propeller
diskwas 10 inchesaheadof the ~ leadingedge. The propellerwas
drivenby a variable-frequencyelectricmotorat about6,OOOrpm,which
gave a tip Mach nuuiberof about0.58. The motorwas mountedinsidean
aluminum-oy nacelleby means of strain-gagebeams h sucha way that
the propell~ thrustcouldbe measured. The totallift,longitudinal
force,and pitchingmomentof the modelwere measuredon a strain-gage
balauceat the root of the wing.

The groundwas simulated by a sheet of plywocilas shownin figure3.
All testswith the groundboardwere conductedwith an angleof 20°
betweenthe groundboard and the thrustaxis of the propefier.

The tivestigationwas conductedin a static-thrustfacilityat the
-ey Aeronatiical-Laboratory.All datapresentedwere obtaiuedat
zeroforwardvelocitywith a thrustof 15 poundsfl?omthe prupeller.
hasmuch as the testswere conductedunderstaticccmditionsin a large
room,none of the
tunneltestswere

correctionsthat axe
applied.

applicableto wind-

RESULTS AND DISCUSSION

The chsmcteristicsof the basic configurationfor variousconibi-
nationsof deflectionsof the two flapsare shownh figure5. “Deflection

of the slidtngflap alone
(
5f1 = 600, tif2= 00

)
is seento rutatethe

resultantforcevectorupwardto a turningangleof 43°. The cofitied

deflectionof both flaps
(
bfl = 5Q01 +2 = )

400 producesturningangles

UP to 58°.

The effectof fatringthe lowersurfaceof the wingwhen the slidlng

(
flap is deflected bf

)
~=no is also shownin figure5. Fillingin

the cavityformedby deflettingthe flap (as shownby the dashedlines
on the configurationsketchedh fig. 5) is seento have littleeffecton
the results.

A comparisonof the characteristicsof the s~~-flaP ~ ~th the ,
characteristicsof the slotted-flapwing of references2 and 3 is shownin
figure6. It caqhe seenthat the desiredreductionin divingmomentsis
realized. At a giventurningangle,the divtngmomentsare reducedby
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aboutone-halfto one-thirdof the valuesfor the slotted-flapwing.
Also,for the configurationwith the singlepropeller(whichwould -
appearto givethe most directcmperison),the ratioof resultant
forceto thrustis scmewhathigherfor the sliding-flapwing. Some
unp~lished datafromtestsat the static-thrustfacilityindicate
thatthe largegain in resultantforceobtainedfor the slotted-flap
wing when two propellersare usedmay not be reslizedfor the sliding-
flap configuration.It shouldalsobe notedthatthereis alsoa
differenceb the plan formsof the testmodelsas shownin figure7.
Bothmodelshad the samemean aerodynamicchord;however,the span of
the slotted-flapmodel (refs.2 and 3) was 70 percentgreaterthan the
span of the model of the presentinvestigation.Thesedifferenceswould
be expectedto have only secondaryeffects,however.

CharacteristicsWi%h Leading-EdgeSlat

The effectof a leading-edgeslat (similarto the one used in
ref. 4) on the characteristicsof the model out of the ground-effect
regionis shownin figure8. At the lowerslatdeflectionsand the *O
highslatpositionsinvestigated(positionsA and B), the slateffected
au increasein turningangleand an increasein resultantforce. Also
the divingmomentswere appreciablyreducedas the deflectionof the
slatwas increasedfw all slatpositions.

The effectof the slat on the characteristicsof the modelnear the
groundis shownin figure9. Largeincreasesin both turningangleand
resultantforceare shuunfor all slatpositionstested. Examinationof
the data of figures8 and 9 indicatethat slatpositionA is probably
the best compromise,inasmuchas largeturninganglesand highratiosof
resultantforceto thrustare obtainedboth in and out of the ground-
effectregion. Also, at thisposition,chan@ng deflectioncausesthe
smallestoverallvariationin tmmlmg angleand resultantforce. If.the
leading-edgeslat is consideredfor longitudinalcontrol,the possibility
of controllag (asdiscussedin ref. k) should be considered.

l% m be nded that both the slatand the end platewere addedto
the configurationin figures8 and 9, and independenteffectsof these
modificationscanbe assayedfromthe data of figure10, which showsthe
variationof characteristicsof the modelwith heightabovethe ground.
It canbe seenthat for this configurationthe effectsof the end plate
are small. The largeincreasesin turningangleresult frmn the effects
of the slat.
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CharacteristicsWith lhcbmdedFlap Chord

The Hng smglestieved l~th the leading-edgeslaton would prob-
ablybe consideredwq~te for most“vertic~ risingairplanesinasmuch
as a groundattitudeof 25° to 30° wouldbe requiredfor take-off. In an
attemptto increasethe turninganglereached,the chordof the flapwas
increasedby 10 percentof the wing chczrdbyattacklmga pieceof
l/16-inchsheetmetalto the uppersurfaceat the trailingfhp. The
characteristicsof the moUfied-mdel out of the ground-effectregion
are shownb figureU. With the extended-chordflap installed,a
turningangleof 80° was reached;however,the divingmomentshavebeen
increasedsomewhat. The ~iation of the characteristicswith height
abovethe groundis shownh figure12. With the faward flapdeflected
60° and the rear flap deflected20°, a grouudattitudeof only150would
be requiredfor take-off. However,the resultantforceachievedis
downto 80 percentof the thrustfor this configuration.

CONCLUSIONS

An investigationof the effectivenessof a slidingflap h deflect~
a propellerslipstreamdowmwsrd indicatesthe followingconclusions:

1. For a comparabledownwarddeflectionof the slipstream,the diving
momentsassociatedwith the sl.i&ing-flapconfigurationare appreciably
smsllerthsn thoseof the slotted-flapconfigurationpreviouslyinvesti-
gated.

2. Additionof a~leading-edgeslat tncressedthe turningangles
achievedand reducedthe divingmoments,p&X’ticlikr~h the ground-
effectregion.
.

3. Increas~ the chordof the rear flap increasedthe turntngangle
achieved,but with someticreasein divingmomentsand with someloss in
ratioof restitantforceto thrust.

. .

J

LangleyAeronauticad-IAboratay,
NationalAdvisoryCommitteefor Aeronautics,

Lam@ey Field,Va.,Feb- 17, 1956.
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— Sliding flap with one PfOPel!er 84 =50°,86 vuriuble

—— Slotted flap with one propeller

)
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